Background: Malawi adopted the PMTCT strategy 'Option B+' in 2011, providing life-long ART for all HIV-infected pregnant and breastfeeding women. We explored differences in characteristics and outcomes of women initiating ART during pregnancy versus breastfeeding. Methods: We conducted a retrospective cohort analysis of women in Zomba District, southern Malawi, from January 2012-September 2013. Data were extracted from the Zomba District Observational Cohort Study, a surveillance project collecting data from standardized Ministry of Health ART monitoring tools.
Background
In 2011, the Malawi Ministry of Health (MoH) adopted a national program for the prevention of mother to child transmission (PMTCT) of HIV called 'Option B+' , which provides life-long antiretroviral therapy (ART) for all HIV-infected pregnant and breastfeeding women regardless of clinical or immunological stage.
Since the introduction of Option B+, aggregated national data have shown a 6-fold increase in the number of pregnant women initiating ART in Malawi with an estimated 28,000 women accessing ART annually across the country [1] .
Additionally, national program monitoring suggests a fairly high level of retention among women initiating ART in Option B+, with estimated retention rates of 72 % at 12 months and 68 % at 24 months [1] . Recent studies however highlight challenges around early defaulting in women initiating ART through Option B+ with women either failing to start ART (i.e. immediate defaulting) or defaulting at less than 6 months [2, 3] .
While national guidelines encourage early identification of HIV-infected women in pregnancy through testing and early initiation of ART at antenatal clinics (ANC), program data consistently show that at least one-fifth of women initiate ART later in the breastfeeding period [1] . This delayed initiation of ART represents a missed opportunity for preventing HIV transmission in utero, during delivery and in the early postpartum stages. Reasons for delayed ART initiation among these women may include late or missed identification at ANC and delivery (including non-attendance at ANC or refusal of HIV testing), incident HIV infection in pregnancy or women re-initiating ART after defaulting during pregnancy [1] .
Limited description exists of the differences between women initiating ART during pregnancy or breastfeeding, both in terms of characteristics associated with the timing of ART initiation and their outcomes within the Option B+ program. We conducted a retrospective cohort analysis within the Zomba Observational Cohort Study, a population-based observational cohort of ART patients in southeastern Malawi, in order to investigate differences between the characteristics of women either initiating ART in pregnancy or during the breastfeeding period. Additionally we investigated the relationship between timing of ART initiation and time to death or default.
Methods

Study design and setting
A retrospective cohort analysis was conducted including all women in the Zomba District of southern Malawi who initiated ART from January 1, 2012 through September 30, 2013. Malawi is a developing country in sub-Saharan Africa with an HIV prevalence of 10.6 % among 15-49 year olds. By the end of 2014, more than 500,000 persons were alive on ART, indicating that close to 50 % of all HIV-infected Malawians were on ART [1] . PMTCT care was provided in all health centres according to the Option B+ strategy as per national MoH guidelines starting in 2011 [4] . Pregnant or breastfeeding mothers received HIV-testing and counselling in antenatal care clinics or Under-5 Clinics and HIV-infected women were offered life-long ART regardless of clinical or immunological stage. All women were initiated and followed either in the ANC clinic or in a linked ART clinic.
Data collection
Demographic, clinical and outcome data were extracted from the Zomba District Observational Cohort Study database. This cohort study routinely collects individual level HIV care information from 31 health centres (8 urban, 23 rural) in Zomba District via standard Malawi MoH ART monitoring tools. Methods for data collection have been described previously [5] . Ethics approval for the study was received from the Malawi National Health Services Research Committee, Malawi and the University Health Network, Toronto, Canada.
Patient characteristics were categorized as: age (< 30 years; > = 30 years), size of health facility at which they received care (<100 patients on ART; 100-500 patients on ART; 500+ patients on ART), WHO clinical stage on ART initiation (Stage 1; Stage 2; Stage 3-4; unknown stage) and ART adherence rates defined as percentage of self-reported pills remaining out of those prescribed from the last visit (< 95 % adherence; > = 95 % adherence). Patient outcomes were classified as either: alive and on ART, dead or defaulted (failed to visit their clinic within 2 months after the next appointment date or stopped ART).
Statistical methods
Descriptive statistics were used to summarize characteristics of our sample. Contingency tables and Pearson's chi-squared tests were used to describe unadjusted relationships between timing of ART initiation and covariates. Multivariate logistic regression was used to estimate unadjusted/adjusted odds of initiating ART during breastfeeding.
Further, bivariate and adjusted multivariate analysis were used to investigate timing of ART initiation and its impact on time to death/default (as a composite outcome variable). We considered two operational definitions of death/default: first, we investigated whether a women had died/defaulted within 30 days of ART initiation, censoring those women with no observed outcome (lacking confirmed data) within 30 days. Similar methods for categorical data analysis as those described above were used to investigate the association between covariates and the odds of death/default within 30 days of ART initiation. Sensitivity analyses of death/default within 90 days and 365 days of ART initiation, were performed and inferences from models fit to these outcome data were similar to those from the 30 day response models. As such, results of the sensitivity analyses are not shown. Additionally, we explored the association between death/default-free survival using Kaplan-Meier survival analysis estimators and log-rank tests. These methods are capable of accounting for censoring of the outcome variable (death/default) and complement the categorical data analysis approach outlined above. All statistical analyses were conducted in SAS version 9.4 (SAS Corporation, Cary, North Carolina). 
Results
Description of cohort
Initiation of ART
Of the 2955 women in the sample, 1986 (67.2 %) initiated ART during pregnancy and 969 (32.8 %) during breastfeeding (Table 1) Table 2) .
Death or treatment default
Among the 2955 women in the cohort, we observed 18 (0.6 %) confirmed deaths of which 13 (72.2 %) occurred among women in WHO Clinical Stage 1 or 2 at the time of ART initiation. 1995 (67.5 %) women were observed as retained on ART and 942 (31.9 %) women were recorded as having defaulted ART, of whom 396 (42.0 %) did not return after the ART initiation visit.
In the following section we describe early death/default occurring within 30 days of ART initiation. We observed early death in 3 (0.1 %) women and early defaulting in 449 (16.4 %) women. Table 3 shows bivariate and multivariate associations between maternal characteristics and the probability of death or default within 30 days. Death or default by 30 days was more likely among women initiating ART during pregnancy (aOR 1.62, 95 % CI 1.28-2.05, p < 0.001) and who were less than 30 years old (aOR 1.27, 95 % CI 1.02-1.57, p = 0.03). Women with WHO Stage 2 and 3-4 had lower adjusted odds of 30 day death or default compared to women with WHO Stage 1 (aOR 0.62, 95 % CI 0.39-0.98, p = 0.04; aOR 0.30, 95 % CI 0.15-0.60, p < 0.001 respectively).
In Fig. 1 , we further investigate death/default free survival experiences of women in this cohort using KaplanMeier estimators. A large number of women had zero follow-up time which results in a sharp drop in the death/default free survival probability at time zero. The estimated survival probability decreases in a nearly linear manner after the initial period of high default. Overall, the median death/default free survival time in this cohort is estimated to be 596 days. Figure 2a -b illustrate the association between maternal characteristics and death/default free survival. In Fig. 2a , we observed that the protective effect from death/default of initiating ART during breastfeeding was attenuated after 1-year following treatment initiation and we see that at 1-½ years post ART initiation the probability of death/default was roughly the same in women initiating Based on number of patients on ART at health facility during pregnancy/breastfeeding. Ultimately, we fail to reject the null hypothesis that death/default-free survival between women initiating ART pregnancy and breastfeeding is different over the duration of follow up time in the study (log-rank test: p = 0.12). However, Fig. 2b suggests that women under 30 years of age have reduced death/default free survival compared to older women (log rank test: p < 0.001). This finding is consistent across the time course of the study. We observed no significant differences in the death/default-free survival of women in documented different clinical stages, from different sized health facilities, or of women with different treatment adherence rates (Kaplan-Meier analysis results not shown). 
Discussion
In this study, we report on a large number of HIVinfected pregnant or breastfeeding women initiating ART under the Option B+ strategy at a time when it was well established in the rural southeast health-zone of Malawi. We found that a high percentage of women (32.8 %) initiated ART during breastfeeding and that this was associated with older age and more advanced HIV disease (WHO Stage > 1). Overall recorded mortality was very low (0.6 %), but overall defaulting was considerable (31.9 %). We also found that risk of early death/ defaulting (< 30 days) was higher in women who started ART in pregnancy and in younger women (< 30 years) and lower in those with more advanced HIV disease (WHO Stage > 1). However, while initial differences are seen in early defaulting between women starting ART during pregnancy and breastfeeding, survival analysis demonstrated that this difference faded at longer follow up and was ultimately non-significant.
By using routinely collected data from the Zomba Observational Cohort Study, we are able to describe individual characteristics and outcomes for this cohort. Our data reflect national monitoring reports in that while the majority of women initiated ART during pregnancy, an important proportion continue to have delayed initiation of ART during breastfeeding [1] . We report that women initiating ART during breastfeeding were more likely to be older and to have more advanced HIV disease. This suggests there may be differing motives for entering care among these two groups. It is possible that women initiate ART during breastfeeding period because of symptoms that bring them to seek care at a health facility whereas routine HIV-testing in pregnancy captures a larger proportion of asymptomatic women. Regardless, the delayed initiation of ART within the PMTCT cascade and increased prevalence of advanced HIV disease (suggesting higher HIV1-RNA levels) among these women raises concerns for increased mother to child transmission of HIV. Interventions to encourage earlier presentation to ANC for HIV testing and ART initiation may improve outcomes in Option B+.
Overall, we report moderately high rates of retention and high levels of self-reported adherence among a largely asymptomatic, and predominantly rural cohort. These results are comparable to facility level nationwide reports from the Malawi HIV programme and to a study that utilized individual level analyses from mostly urban, large Malawian health facilities with electronic monitoring systems and one further study from urban Lilongwe [1] [2] [3] 6] . Similar to the reports mentioned above we also show that the largest risk for defaulting exists early after starting ART [1] [2] [3] . Additionally, we report that women initiating ART in pregnancy were more likely to be early defaulters than women initiating ART during breastfeeding. This agrees with a recent study from Malawi in which women initiating ART during pregnancy had higher default rates at 6 months than those initiating during breastfeeding [2] . It is possible that timing of HIV diagnosis and ART initiation itself may be a factor associated with risk of early defaulting among women in Option B+. Recent evidence describes that both women and health care providers identify that a new HIV diagnosis during routine antenatal screening can be accompanied by varying degrees of shock and denial and may lead to difficulty accepting immediate initiation of lifelong treatment, in particular among the mostly asymptomatic pregnant women at ANC clinics [7, 8] . Furthermore, it has recently been reported that receiving a new HIV diagnosis and ART initiation on the same day increases this risk of early defaulting [2, 9] and that the model of care for PMTCT at health centres in Malawi, including how timing of HIV testing and ART initiation is structured, can impact overall uptake and retention [10] .
Given that we report that women who initiate ART during breastfeeding were more likely to be older and present with more advanced HIV disease, lower rates of early defaulting in this group may also reflect differing individual patient motivations for initiating and continuing on ART. Tweya et al. showed similar lower rates of loss to follow-up among women initiating during breastfeeding in Malawi [11] . While illness has been cited as a reason for defaulting ART in Option B+ in Malawi [11] , a further recent qualitative study in Malawi notes that both fear of future sickness or a current decline in health prompted women who had already stopped ART in Option B+ to re-start later (either during pregnancy or breastfeeding) [12] . Further research to understand patient characteristics, experience and motivations that lead to improved earlier uptake of ART and subsequent adherence should be incorporated into programmatic adaptations of Option B+.
Finally, we highlight that younger age remained the most consistent risk factor for defaulting both early after initiation and over the course of follow-up in the study. In the previously mentioned study by Tweya et al., younger age (< 24 years) was similarly associated with an increased loss to follow-up among an urban Option B+ Over 30
Under 30
Days Since Treatment Initiation a b Fig. 2 Kaplan Meier estimates of death/default free survival probability stratified by a timing of treatment initiation (breastfeeding versus pregnancy) and b age (less than 30 years of age versus greater cohort in Malawi [11] . Reasons for higher defaulting among younger women remain to be understood in women in Option B+ and further research could identify both reasons for this association along with potential mechanisms for targeting support for younger women in care.
Limitations
There are several limitations to this study. Lack of a defaulter tracing system may underestimate mortality for women initiating within Option B+ as well as their retention, as recent Malawian data found that a relevant proportion of traced defaulters had either died or selftransferred to other care [10] . Additionally, we relied on routine data collection using national standardized ART monitoring forms, which may have limited the quality of the data. Specifically, as women are enrolled in Option B+ regardless of stage, data on WHO clinical staging may be less reliably documented and was missing in just over 1/4 of all women. Finally, adherence measures on standardized ART cards are limited to self-report of doses missed since last appointment.
Conclusions/recommendations
While early identification and initiation of ART among pregnant women is encouraged in the Option B+ Program in Malawi, many women continue to start ART during breastfeeding. These women were older, more often in WHO Clinical Stage 2, 3 or 4 and had a lower risk of early death/default compared to those starting during pregnancy. Starting ART during breast feeding represents a missed PMTCT opportunity during the antenatal phase and delivery. Additionally, early defaulting is identified as a challenge within Option B+, and was more likely among younger women and those initiating ART in pregnancy. Targeted research to understand factors associated with the uptake of ART during pregnancy and retention in care could improve the efficacy of Option B+ in Malawi by informing targeted programmatic interventions. 
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